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Effect of tillage practice on carbon footprint of rainfed winter wheat 
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Abstract: It is crucial 
goods (e.g., fertilizers, 


Shanxi Province, Linfen 041000, China) 


to mitigate greenhouse gas emissions from soil and to abate carbon emissions from the production of 


seeds, etc.) and production processes (e.g., diesel consumption by machines) for sustainable agricul- 


tural production. In order to evaluate carbon footprint and carbon emission intensity of different tillage practices in rainfed 


field, a 15-year long-term experiment with three different tillage practices was conducted in Linfen, Shanxi Province, a typical 


semi-arid area in North China. The investigated tillage management practices were rotary tillage without straw incorporation 


(RT), straw incorporation and rotary tillage (SRT) and straw-mulch and no-tillage (SNT). Carbon footprint in the production 
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life-cycle of different tillage practice of rainfed winter wheat was explored, in which N5O emissions from field were measured 
using the static chamber-gas chromatography method and the other emissions calculated by analyzing emissions from the 
production of main goods and the associated processes during life-cycle period of winter wheat. The results showed that N;O 
emissions under SNT and RT management practices were 19.2% and 18.9% lower than that under SRT practice, respectively. 
N50 emissions mainly occurred during the period from booting to maturity and then the period of summer fallow when soil 
temperature and moisture were most appropriate. N;O emissions derived directly from nitrogen fertilizer and carbon emissions 
from the processes of chemical fertilizer production explained the most share of carbon footprint in the life-cycle of rainfed winter 
wheat, accounting for 21.6% and 46.4% of the total carbon footprints, respectively. N;O emissions and carbon emissions de- 
rived from nitrogen fertilizer production and diesel consumption, and direct emission for field accounted for over 90% of the 
carbon footprint of rainfed winter wheat system. Carbon footprint under SNT practice was the lowest among three treatments, it 
was respectively 7.9%-11.0% and 6.9%-—8.3% lower than those under SRT and RT. SNT management practice had the lowest 
carbon footprint among three tillage practices. Thus, straw incorporation with no-tillage was the most appropriate practice for 


sustainable agricultural production aimed at low greenhouse gas emissions and low carbon consumption in the semi-arid area 


of North China. 


Keywords: Straw incorporation; No-tillage; Rainfed wheat; N;O emission; Carbon footprint 
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Table 1 Physical and chemical properties of the experiment soil under different tillage practices 
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incorporation 
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Table 2. Carbon emission factors of agricultural production 
goods for rainfed winter wheat cultivation 
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ARE 
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Fig2 Annual variations of soil moisture at 5 cm depth (a), soil temperature at 5 cm depth (b) and N20 emission fluxes (c) for dif- 
ferent tillage practices during the experimental period 
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Table3 Cumulative N20 emissions of different tillage practices and their correlations with soil temperature and soil moisture 
N2O HERB N20 emission = z S m zx ia 
BHA [kg(N ON hm A PHPH 5cm EAA RA FIHMEBSHIRKDNHKRAM 
Tillage e E Correlation coefficient between mean Correlation coefficient mean emis- 
practice 2012—2013 2013—2014 M iS emission and soil temperature at 5 cm depth sion and soil moisture 
ean 
RT 1.17b 0.9 lab 1.05b 0.507 8^ 0.253 4 
SRT 1.59a 1.03a 1.30a 0.535 4" 0.422 7" 
SNT 1.18b 0.87bc 1.05b 0.606 5" 0.387 7” 


[8] 5] ^8 [8]/] E 5e BER zs f [8] CHES Sr EE (P<0.05), **# 4 X MRT (P<0.01). Different lowercase letters in the same column indicate 


significant differences among treatments (P « 0.05), ** indicate significant correlation (P « 0.01). 
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Table 4 Sources and compositions of carbon footprint of winter wheat cultivation under different tillage practices 


Lys HE Carbon footprint 
mA Item Amount [kg(CO;-e)-hm 7a] 
RT SRT SNT RT SRT SNT 
{che PE ZAE N fertilizer 112.5 kg(N)-a ! 112.5 kg(N)-a 112.5 kg(N)-a | 195.8 195.8 195.8 
Chemical fertilizer K 
production BEAL P fertilizer 123.7 kg(P20s)-a! 123.7 kg(P20s)-a 123.7 kg(P2Os)-a! 24.7 24.7 24.7 
BREF Weedicide production 1.5 kga L5kg-a! 2.25 kg-a”! 9.5 9.5 14.2 
SORE he## Rotary tillage 45 L-a! 45 La! 0.0 La! 42.3 42.3 0.0 
Diesel consumption . 
EFR Seeding 30 La" 30 L-a! 45 La! 28.2 28.2 42.3 
+ 
TATE MA 16 L-a! 0.0 La! 0.0 L-a™! 15.3 0.0 0.0 
Straw removal 
WIR Harvesting 60 L-a! 60 La! 60 La! 56.4 56.4 56.4 
Th-- Seed HEIRE Seeding rate — 187.5 kg hm ^a^! 187.5 kg-hm ^a! 187.5 kg:hm ^a! 20.6 20.6 20.6 
N20 HER 2012—2013 1.2 kg(N)- hm ^a! 1.6 kN) hma! 1.2 kg(N)-hm ^a! 97.5 130.0 97.5 
N50 emission E gx "We 
2013—2014 0.9 kg(N)-hm ^a 1.0 kg(N)-hm ^a 0.9 kg(N)-hm ^a 73.1 81.3 73.1 


fix ke xf SEA: SNT RAHA hk EM 
1E, SNT AIEE SRT Nb EP B eH FD a E (E 
11.0% 6.9%. SNT AMIER RT Mh EB Bx ke INPS E 73 
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(EAE CRBS AB) 69 DL E), MHF SRT 
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ELE. 
2.5 PAHE RFNA Ss 

WIE 3 Pam: SNT ANT Ae] NEP EE, 2013 
FEA 2014 ERAI SRT AMEISHI 41.796050 14.3% 
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21.8% 
2.4 AHEAD FANE BIAIS IT 

TRIS A HEA FNR UAR r Se Sie 
OM, Te SNS Sym 5). FERH 
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Eik. 2013 f£, SNT SU She RT A 


SRT HARD 37.3%F0 37.2%, 2014 EMBAR D 
22.3941 18.5% 
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Fig.3 Yields of winter wheat under different tillage practices 
in 2012-2013 and 2013-2014 
^f [p] SF RES m [6] — FE fh Fh ^P [e] Mh BB [8] ZF E EE (0.05). 
Different lowercase letters in the same year indicate significant dif- 
ferences between treatments (P « 0.05). 
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5 [ISTE XA hE E PI E BUR IE E 
Table 5 Carbon footprint for per ton winter wheat grains 
under different tillage practices 


4&4 BHEZ X Tix ke Sh AL E B Sh 
Year Tillage Carbon footprint Carbon footprint per ton 
practice — [kg(CO»-e).hm ^a ] grains [kg(CO2-e)t ] 
2013 RT 490.3 282.3 
SRT 507.5 281.9 
SNT 451.5 177.1 
2014 RT 465.9 101.8 
SRT 458.7 97.1 
SNT 427.1 79.1 
3 bit 


3.4. ^I EH ETSI EE: ] NAE NO BERR 2T 

TELE N;OBS BERGE E E emt SS AY 
f DHAE- BH TG TEFBUP- AE. time. HEIE, 
ERVAAR SS EINIOSERBS 3 SEESHACT., 


^ [EIS HAP C RI DARE 3-388, Si EU HORDE A, 


XE RGDIN;OBERUC TL, MITCH AA FEMA 
Vass, T AXIIBUISSI ERU, KET 
aE BE iste, HEM INO IER. TATE 
RAM T CAH, 1# p ERARE 
FB, Tat RHR FAN OF MES Set att 
CHS", RHEE RHA LEME, OK 
PPAR OE, AMINO. ERR 
AA, RINE FIBA SIAM, ERA LIRAKE 
1270, 3& BEDAE ER, PARI EA AKE 
RIE, ELEN LOFERKE |, ARATE IRE 
MERARI TOFI KAEMA, E 
HEN OFF ERTE EBD HE (3), KEF 
REF SRA GA RIB B3 25 SR 2S (00777, ARIF 
BARTER, MEAS RARE, XK 
We ST EGET REBTISUKZZOBEHME, rH 
STARKE RFF, FATE Se aH BAY tS 
ZK A TE FEM SRS m 3- Det REB. MASTS ks 
EF SRSKERRBERM). UA, BEER 
AEB] LAR 3E 38838 E22 E (ea A fh E B fs TT 
DRC BRET AIRFARE, PH AY + im). ER 
NORMER MEN X 23 BB, om EE B SEG 
XI 3ENGOSERCB BRAN SI. AN, Rochette” 
AHL Fo ARETE DIDS TAR FEN THEN; OBERE SHEA 
TEST BS TEX SZ OI AA. AF IRA REGE eae ex 
ERRARE Ec TUER RES] TOS pX ESTER SC, WT 
DAR EIR FL IRA, ERE + a Te DO (SER 
JT80-10 cmH EB Reheat), MARA ARR 


D), RAUFLERAR BOR, JA TORLID 2E 
BORSE, RUP T NQOBEBG ANUS IEEE, Ea 
Shans, Ab RHA BASE, Ame 
PHBH S AIS DIN,OFEM 
3.2. AA BER Zs & BER 

RIP FREER E D MWARAA, DEKE 
WKSREKS, TEEEEK UD SE (0) RHN E 
(RZKTERIZE HUS, TESTER RK, RHA BRA 
TGBGEZKA NH, BARAK NEE. ARH 
f& ht» S ES )\SFEKNREDD MAA, (ACE 
AGATE ARS AY NO EH OE ALAN GHEE IS 
BY fix ERED PA Sele A, KREBSAF CAE 
PMs PSS RRASHILAMN, m$ 
BARRE ARAB LIRE, BRAC AB 
GAs, FIERAS Ra, MANS 
FANS RA N-O ABER. litt, SERERA, 
ICM DLE ABN, (EBBAE P7 4e V) B HEB 
ke ALAC S FR s CE EH IB] B BE RACR S S E DRE EG ASOT AR 
[B] BE (ETE Fg FA] SEP RAKED TOM, 
ZB, AP BE RAR hE 
PAARD NO WHE, MAB bU SB 3M 
EH'EBUBGBRS, AIR AIEXhE D. BATES 
TERNI BS Si v P Shi xe xd HRA HEAT 
1E, £x ADBERURIEREÍ. PURA MERO R 
SX. ky, RHE mouR(e-—EÉmG aas T 
RENE, Abe et EETREHTRAR, R 
EX $t ah fa te us xe AY ECCE IUBE ES ERES e 
4 tit 

SERA E XE E SBD xe X EH. N;O BERI. 
A BE AE PIS RBS BERUNLASCRUCH REBEIG FSH 
ig Hb [X 5 Eo] fk PIrB, APE as HEB 
BLUR E NO BERS RAE BEER. FEW 
MEF S+ mek, APES RHE 
SFR )SPr a, St )\SZrsheED yA ht 
TE XE, RATHER RI. 
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